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(57)Abstract 

PROBLEM TO BE SOLVED: To miniaturize a device by 
reducing the size of crystal grains while maintaining 
excellent ferroelectric characteristics. 
SOLUTION: A lower electrode 14, a ferroelectric film 15 
and an upper electrode are formed on a substrate 1 1 . The 
ferroelectric film 1 5 is laminated with a plurality of layers 
1 5a, 1 5b and 1 5c containing polycrystalline lamellar crystal 
structure oxide (Bix(Sr, Ca, Ba)y(Ta, Nb)209±d) and 
divided each other. In this case, at least one layer of the 
layers 15a, 15b and 15c has different (Sr. Ca, Ba) 
component ratio y from other layers. In other words, (Sr, 
Ca, Ba) component ratio y of the ferroelectric film 15 is 
made to change. Thereby, the size of the crystal grains in 
the lamellar crystal structure oxide is reduced while 
excellent ferroelectric characteristics is obtained. 
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(54) \smo&m ^i#^t/v>^^i:^tt^att)!wn£fflv^^tut;v 

(57) 

KIM] SHfc^m^^^Uoo^^^ 

1 1 o jiicT^m® 1 4 . sastw*; 
&&&<omw&&mimttcm (bs x (s r , ca, b 

a) T (Ta, Nb) 2 0 9 rb^ ) &^tr««OJI 1 5 
a, 15 b, 1 5 clc^ltT^rSo ^<*>& % 4gl 
5 a, 15 b, 1 5 c <D H 0/>/i < ^ 1 IlCO^t 
(Sr, Ca, Ba) O&jfcJt y frtt*>J| &A4oft:|t 

t-r^o -r^^^v stttt^m sk^t (s r, c 

a, Ba) Oj^ityd^^i-^i; 5Jc1"^ 0 £*UCJ: 



16 ±*5SS 
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■"14 T^ffifi 




IMBB«*fl«W\ tr*^* (B i ) MKOTc^k 

tt^bPyf (Sr) , ZfA'l'VJ* (Ca) *5 
£Tf'<V#& (Ba) a>kft31f<0 9^<D4>ft< £ t> 1 
Mb. ^^(DTmh^XOlflst/V (Ta) *5£tf~:*- 
y (Nb) *»&fe*tt4>5fe4>&< fct> MS 

(O) i*^tt**»fto««ttft*3fi»ft*«:'&tfl: 
*IC, C<OJl^»*3t»fk*tta*^B i x (S 
r, Ca, Ba) y (Ta, Nb) 2 O s ± d ({IL, 
1. 70^x^2. 50, 0. 60^y^l. 20, 0 
< d ^ 1 . 0 0) "Cife 9* 3&*0^taS&|Sm#IKJ2:*3V>X 

v>r-^d^^<BIIlciRj^oX^:t < < ft 

6 j: 5 \zmt vx^zzt *j&mt i- em 1 

Bat****'**'*. : 

[If 3 ] ^0±tcttlS&Km#KSr7&ri& bfc® 
< ft£ J: 9 fcSMfcLTV^ £ £ £^&£-t-*fg;fc 

ftO|Tt?fc9£3*$J3 s 0. 9^P>1. KDftirtOgt 
"Oh 5 <&3 £9 fcSMs tt v > 6 £ £ Sr^m £ + a Mr* 

J: 9 ft £ - £ £4$® fc r * » 

[§ft#K9] tf^-r^ (B i) SSl*>5cig£l/r 
O^hpyf !>A (Sr) , (Ca) *Sj;T* 

✓ *y?A (Ba) ^e>ft6S^C0p*>(0^ft< ^t>l@ 
%2<D7tmt tW^ (Ta) *5it^*^ 

(Nb) a>t>ft5i£o?^ft< £fc Rffl 



(O) £j&»kft0, «J**#B i, (Sr, Ca, B 
a) y (Ta, Nb) 2 O g ± d (flU 1- 70^x 
.^2. 5 0, 0. 6 0£y£l. 20, 0 ^ d ^ 1 . 0 

o) x^^^com^^m^mm^tf^mnw 

m*m i o ] mtttttiRK— #<onm&&gnstiit 
sdia3i»«#iKri. if^^x (b i) jsi©5£**: 

LT^hoyf^A (Sr) , arA'VfrA (Ca) 43 

J:t&*»*A (Ba) ^W*o5fe<o*4<it>i 
St. f 2C07cSiLTWy^ (Ta) :|3J;tf~;^* 
:/ (Nb) ^^»HM<Hlfi:,gi 
(O) t^fcftS#tt*<oJB^ft«3fi»fl*^trfc 
^©lW B «|^ltW^Bi x (s 

r, Ca, Ba) y (Ta, Nb) 2 0 9 ± d (fiL. 
1. 70^x^2. 50, 0. 6 0^y^l. 20, 0 
£ d £ 1 . 00) XhV. a^H&S»RtWtt»J:*5V*T 

■=e y -tr/K 

[#93*>3*»lftSiW] 

(0 0 0 1 ] 

i»w<ojRi-sa«»»] tr*^* (b i) 

^ey-tr/wcili-*. 

[0 0 0 21 

36$"5Tteft^}**tt7 ^A7^t^^^!) (Ferroelect 
ric Random Access Memories ; F e RAM) . H 

(£T^bnftv>r fc*»feag«fc«>TV^, Mcj&X 
RAM— OJSJSKirtf*, #»4^feftS»KI©f^lHc* 
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[0003] tzztK &m&mm<omt. awm* 

K^tBL&ftm&ftmfc (Pr) *$:l£LX'&Z>-tfc 

[0 0 0 4] *>//T^lCx ^^^^hnyf!) 
A (Sr) t^V^/l^ (Ta) £gfci& (O) 

Jl^^«it^t:^o#fe B H a ^mT'«> (2 

Pr) »0/iC/cm 2 TjSA*W-<DW*B5tta* 
»0. 05pm 2 £1^5 t>0>**ft€>3vCtr*£ (T.Atsuki 
et al. , Jpru J. Appl. Phys. Vol. 34(1995)pp. 5096-509 

9) 0 ua>u z(om&<D*zzts<Di&&%L*T?\^ mm 
<d±% his <-rz^t&mtiiLZ* Cw-c, 

[00 0 5] 

(T.Atsuki et al. , Jpn. J. Appl. Phys. Vol. 34(1995) pp. 5 
098-5099 ; T.Noguchi et al. , J. Appl. Phys. Vol. 35 (199 
6)pp. 4900-4904/* if) . , *fc*»ric«>SMB*: 
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[00 0 7] 



Fo^A, (Ca) 4o£tM!)*J* (B 

tlTW^^/^J:^ty (Nb) MftSSo; 

*^Bi x (Sr, Ca, Ba) y (Ta, Nb) 2 
0 9 ± d ({RU 1. 70^x^2. 5 0, 0. 6 0^ 
y£l. 2 0, 0Sd£l. 00) AK>SUHt 

[0 008] *»K©&R«fle**'<^©JBi#lfc 

*>\mt. $&2<D5cMk \*X<o?>?A'&£Tfi=. 

^6*©5V>*<fc(>l«t, S**a**>fc»U «L 
**#B i x (Sr, Ca, Ba) y (Ta, Nb) 2 
0 9 ± d ({II, 1. 7 0^x^2. 50, 0. 60^ 
y^l. 2 0, 0£d£l. 0 0) T*>*#SftOJB« 

iearr*tmzL* zL<omtmwm<DMmz&\*x\^ « 
mttmnm tsutzx} l&mr&rtz 

[0 0 0 9] *3BW©^*Hir^Wt. 
«>»K^SB»*Kfc3ft«t««:*'Y-'<^^ **i"5 h<DX 
fcoT, 3feRm#Ktt. SlOTcfgirbT 

^A-45j:rf=^-y3&*f><fca#o 5 *>d»fc< t lit, 
K* £ frh * ^ «tt AfiBHMblk D fc * 

tc, roJHKttA«i£BKI:Wl|fl«^Bi x (Sr. 

Ca, Ba) T (Ta, Nb) 2 0 9 ± d ({&U 1. 
70^x^2. 50, 0. 6 0^y^l. 2 0, 0^d 
^1. 0 0) Xh^s ^0»««#BtK:*5V^TiBl05c 

[ooio] 49l9lo9Mim^ir^^-e»« -»o 

<n7tm<ou&ttfr&<ti,x^z<Dx % &tiiz3mmm& 

[0 0 11] *^<D3iRmfr^#^^<^©«^ffi 
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[0012] ^jwio^u-fcA'-ett, %mm,w**s< 
it. &mm#mtevzni<Dnm<Dm&ft&mfci,x^ 

[0 0 13] 

[0 0 14] Hi W\ *3BW^-«16<OJg|Wc«<5Mi» 

mft*\s<is*n. flta^yay (si) j:9««x 

tfcfcKJhJBl 2&*xm?M s ?*t<' (Ti) 
SilllMt^^^ ttttKWttK l 5 fc— *t<DfM l 

4, 1 6£rg^bfc*><Z>-efc5o 
[0 0 15] Tttmffil 443*tJUittfMsl 6 ft, 08*. 
fcf, (P t) , <f Pi??* ( I r ) , ;UT~t?J* 

(Ru) , n^A (Rh) Jb3ViHfC?3*>A (P 
d) OVvfttd* 1 ^fctt^tt^^2^-b^tf^ 

[0016] 9ftR«#lR 1 5 It, m&<OM m 1 iC*5l^ 
-CtigSlJIl 5 a, ^2|15b, msmi 5 c<D3 

5b, i5c ttweti 8 5 %&±&mii&s&mm8tik 
[oo i 7] - <om iK^m^timtt 

^-e, 3Sio5c3fftt* hpyfjA, ytM^^-Msjit* 
< 1 1> i S-efc*. ^ 1 <oytmb UTIt;* hay 

[0018] B«g4*at»fl^^»^^;«B i x (S 
r, Ca, Ba) y (Ta, Nb) 2 0 9 ± d X&Zfr 
Z> 0 flU x, y, dte % tWJll. 70^x^2. 



50, 0. 6 0£y£l. 20, 0£d£l. 0 0 <£>f£ 
1. 1 o <0ttHrto«#»lc#* Ll\ ^(DS«fe4« 

ZZb&XZZ. mm&&ft^<£Vo<ol£&m&\i. it 

^msftftmmz&^xmw-rzks [bi 2 o 2 ] 2+ 

&&m-f%mb. I (Sr, Ca, Ba) A (T a , N 

b) 2 o 7 ] z -iz&%-rz>mbt*&K\cmmt$titzt><D 

[OOHl^lMlS^lilSa, 15b, 1 

^ft< b i>i m\z^xni&<Dmbmi<o^<oto£it 

ii/<&**t84*3tBkft»lc^v^TlB 1 *>fljftJ£#-#A 
» UooJitt3»4«5ftSMk«bo3e4*ft : ? : o^# $ fc* $ 

[0020] ^ c-e, m i <D7cm<Dm&tttx. smm& 

Z<t£Z2:5\z&{kl,X\f*2>Z-b1>WtiL\,\ 

:fr4Hilio. 9*»&l. l 4>*&fflrt#»£ Uv\ -r fcfr 
«*»4#3tS^«<oiari«:ic*3rtSyo«^ * 
$iv&rito. 7*>*>o. 9«>Ki^ *#v*fto. 9 

[0 0 2 1] c«>J:5*#ric4:*-i-«*»«**Y^ 

[oo2 2] z.<D3mm&* j c'*i>'#xtXs ±nmfci 

^1 5te**tuS»*te4«3t»fl:*o^T<D«4tt^ 
<0*4C5. i-^^*>. S«84«lig^k*<Ofe4^ 

ft, 3MR«fMK 1 5 tc^3V^T^ 1 ©5£#©to«tt:tfXfl5 
[0023] IC**16<0»ttK:«S»»tK#^ 
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$<i-5r^;55-c#s 0 .tor, /hfifburt>«*tfcs» 

[0 0 2 4] roJ: 5 -r^^tt. 
5 LTit5S*f S c t So 
[0 0 2 5] j§=1\ Wx.fivy ayJ:U<t««Rl lSr 

jtjg l 2 £ LTW;tffl»SMfcK:,fc t> ~IMfc3£*K«Sfifc 
-TS 0 *r<z>_hlcg^/§l 3 LTWjttf*/^ 

^So 

[0 0 2 6] $^-C, COTWl 4<E>±K, 3&Rm 
#1&1 5 t Its #J;il;£CVD (Chemical Vapor Depos 
ition ) 8^1— if— T^l — Vgr^Wv « 
•^MOD (Metal Organic Decomposition ) &lC«J;9 x 

fl|15a, ^2il5b, 13115c) ZmttfSL 

Jf-fSo ^<om. ^m<oo o<o4>fc< t h i^tcov>r 
S„ 2MK«aJI (^lll5a) tcov>x^l 

tf>H (H115c) «cov^r»105E*0lft*M;Srtt 
t>*t<$>SV>E:/h£< UfcOi-So 
[00 2 7] r©*5fcl/C3Mf«Mtl 5&»/fcLfc 

[0028] CO*? Ic^Hfto^tt^M^iftRStt:^ 
[0 0 2 9] **5, **M50Jg»2:«SS*R**^r«V^ 

vnS^£#-C#S. 

[0 0 3 0] U2naiMWt**'<*s?t:m**1t* si e9 

0£. ^vf^lOh7^^2 0t^^^ 



2 2 £&WUTV^;5« y-^ffi«2 1i:KKyg82 

m+ftmm <d?*< kimur s . i otr* s ivc* ^ a. 

[0 03 1] h7^^2 0O±|:lt ^KtegtM3 
2^bT§SRm*^r^/^>^ 1 0#J^&£*VCVnSo 

-ffcfro, BKte8«3 2^bra:«te±Si 2, » 

^13, 1 4 , l 5 * J: tf±«« 

14, JUM6IHR3 2iC^!^btLfc^ h*— *3 2 

3 2alCl4, MttfMivy =>*fc«L^V^^V 
(W) iCj;«3^^^fc^7^3 3jftSffl»ii**LV^ 

[0 0 3 2] :w^^e!Jt;wm^J; 5Wit5 0 

[0 0 3 3] w^^^y-^/W-X^, h7y^2 0(D 

^ 2 2t <DrM\cmM&m*z>o c*uc4«?, 
^g3 3 ^^Lt^t^t^^ i o 

-LSemftii 6 t ratal 4<or^^mff^pxe>H 
So i oxj4 % mnasjpxi&jLS 

I) ^^jffitT " 1 w ^fcft "0° (Of— 

^o|e«^>5V^^4K^.Hib*5tf3o^^i^So ^^XI4. ^ 

So 

[0034] r<DJ:9 iC*^<Dj^ffitC«S^Rm*^r 
[0 0 3 5] 

t<5o r^Xf4, JB*ttft«3ftfiWi*2:UrB i 

x Sr y Ta 2 0 9 ± d $:^V^ N ^ h n V^^ACO^ 

[0036] #sas«ti>, vyayio/^s 
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^rlf ITg^Il 3£^;h^*tf£j£LfcCD*> % ^t<D± 
[o o 3 7] t*v*x\ 3-Hifc0g£t> % r^tii4 

<£>_BC. 0 nm^B i x S r y T a 2 0 9 ± d £ 

^tWl£r3/I (fliUa, ^2fl5b, ^311 

5 c) S1U 3&R«#K1 5tr-tH-ett*filiUfc. C 
n-C, #/i 15a, 15b, 15c OJfrj&fiy/V' • 

[ o o 3 8 ] -Tft;b^ *-f % T$pm^ 1 4 ojblcgl 1 
H5a OH»»««r|3|R»*UT»BI«:*BtUfcO 

— 8 0 OtXDl&g.XS 0®mitif&VXRTA (Rapid Th 
ermal Annealing) t&M&jf^tCe &V>~C, ^<D±.\Z^ 2 
H5b OS»»fflt«r^«^ LTtHtfte^p- UfctD^ K 

C^l 1 



St #HlSa f 15b, l5cWLfc s 
[0 0 3 9] ^rT^VNfc^^^^^tL 

1 0 ■ ^a48*-c*> 9 . &m&m%i<DmjSiitft 

^lt$rmi^lcov>r<D^.o. 8 £{fco/l£>l. oi 
0t>/h4<U 3£^m#Rl Siesta* 
^»*it*ss|E 1 1 ^-e/jx S<^i;Clfc 0 5H6« 

3^tCoV>TO^0. 8 tte<E>J§01 . 0«fc»?ib/h£< 

S«i 1 fc£#*B0TM^<££J;5lcL^ H&0O3-O 

iCOV^T^l. O^^CO^COO. 9<t0t>^Ct<U 

1 1 «-e*# < ft* J: 5 IC Lfc e ^Hjfe^t t># 

[0 040] 

[^11 



^fs^a 1 



mmm 2 



Bi : Sr : Ta 
8S3g 

#11? 



01 

( 



2.4 : 1.0 : 20 
2.4 : 1.0 : 20 
2.4 : 0.8 : 20 



2.4 : 0.8 : 2.0 
2.4 : 1.0 : 2.0 
2.4 : 1.0 : 2.0 



2.4 : 0.9 : 2.0 
2.4 : 0.9 : 2.0 
2.4 : 1.0 : 2.0 



[004 1] <r> J: o \z Lx mffiWm 1 b **ti4:ti 

mm2 0 0 nmOfiM^ttlMSl 6 Z^ti 



2Pr (^C/crn 1 ) 



20.0 



13.0 



18.0 



0.015 



0.026 



0.021 



It. 

[0 0 4 2] Z<D£v\C\sXftbfrtL&%mmfr*c*s< 
*>^^§8U &BfW£Rl 5lC*5^T£Jil 5a, 15 
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$fc (S I MS ; Secondary Ion Mass Spectrometry ) IC 

ct^^Tofco ei 3 i icM-r^as**^-*-. * 

33, g]3M;io^T?£$0. 12 — 0. 1 8 a m<Dtt%i\% 
IlllSal^U 0. 0 6—0. 12izm<£>fta£ 
\*m2miSb\C&mV* 0 — 0. 0 6 ^ m^ftJfiliB 

1115 aiC*5tt^)^ hn^^AOj&^ittidfe^l 

[0 0 4 3] ^/c, #e>Hfc#^m^^^^^o 

•£*b**£ifM&-?- (Bi x Sr, Ta 2 0 9 ± d 
ys^te. JiSpmffil 6 £T&m&l 4 b<om\z5 V<o 

Z £t*&&m,+mWm. (S EM ; Scanning Electron Mi 
croscope) iCfcflSWU ^*£^^3D^CO^/^T¥ 
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ffi^ 1 teoV^Ttt 2 0. 0 /i C/ c m 2 % 2 Mo 

8. 0/iC/cm 2 -Cfeo/t «, 
(0045] ttA»^G>*# £ (¥*^33®) 

^jfefcl 1 tCOV>TI*0 . 0 1 5 pl m 2 , 2 K 

O^TttO. 0 2 6/xm 2 % 3 IdO^TttO . 0 

2 1 iim 2 T&ofCo 

( 0 0 4 6 J **5, *SH6WH*M-5tt;««i: LT, % 

(2p r ) tm&n 
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2.4:1.0:2.0 
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SltLS I (Large Scale Integrated Circuit) 
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[369i<o8b*] K-h»WUfcJ:5fc«BWJc;«5Sii»|« 



[0 0 5 4] *BWJC«5^m«c^^^>^^ 

*Bi*«feici:^rt, mtnftigL*im<om\£&vx&i$L 

fcs*s£*#-e*s. iot, »««ttKi«H3ft»oa 

[00 5 5] ^^^^^^y-t/HciHH, 

* d ssftB#aj#e»ii5 &#tc* mint* 
s n ^ s t ^ 5 aMitrsrr 5o 

[El 2] ^ltd^Ufc^m^-Y^^^V^c^^- 

[S3] **93«>*ft«faUJiJ:0»fe*Lfc3afl«#fito 
[®4] *3SW«>5BS«llcj;D#6,*LfcaR«#*^ 

So 

[05] ^nol»kM2lcJ:0ft&tL^:SNm^-r 

So 

[He] *&m<Dm&mz\££vnbfrft3mn,ft*v 

So 

[0 7] ^^<D|^^Jl^ LTtro /cit^^BI-r S 

[1^8] ^JSWOSBSWlcSLrffofcJtttMlcHi-S 

& t *SS«C^FO^ffifS t o||^$r^ LTV % So 
[^<Dlfc9n 

1 1 2-itW6jtJB, 1 1 4- 
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